Chronic insomnia is a significant public health problem worldwide, and insomnia has considerable personal and social costs associated with serious health conditions, greater healthcare utilization, work absenteeism, and motor-vehicle accidents. Cognitive Behavioral Therapy for Insomnia (CBTI) is an efficacious treatment, yet attrition and suboptimal adherence may diminish its impact. Despite the increasing use of CBTI, surprisingly little attention has been devoted to understanding the role of adherence. This review describes a comprehensive literature search of adherence to CBTI. The search revealed 15 studies that evaluated adherence to CBTI in adults using valid and reliable measures of sleep, and measure of adherence other than study withdrawals. The primary purposes of this review were to (1) synthesize current study characteristics, methodology, adherence rates, contributing factors, and impact on outcomes, (2) discuss measurement issues, and (3) identify future practice and research directions that may lead to improved outcomes. Strong patterns and inconsistencies were identified among the studies, which complicate an evaluation of the role of adherence as a factor and outcome of CBTI success. The importance of standardized adherence and outcome measures is discussed. In light of the importance of adherence to behavior change, this systematic review may better inform future intervention efforts.
Introduction
Chronic insomnia is a public health crisis affecting approximately 10-15% of adults worldwide [1] [2] [3] . In addition to the social and financial toll 4 , insomnia is associated with serious health conditions 5 , greater healthcare utilization 6 , work absenteeism 7 , and motor-vehicle accidents 8 . With accumulating evidence of the effectiveness of Cognitive Behavioral Therapy for Insomnia (CBTI) 3, [9] [10] [11] , adherence to this treatment is a fundamental public health, clinical, and scientific concern.
Little is known about adherence rates and factors related to patients' adherence to CBTI. The lack of attention to adherence to CBTI stands in stark contrast to adherence to treatments for other sleep disorders 12 and other medical conditions, which have been the focus of theoretical and empirical research for decades 13 .The term compliance, used extensively in the past, has drawn criticism for its emphasis on medical authority and implication that patients are passive recipients of care. In response, the term "adherence" was introduced to call attention to the importance of patient agreement with medical recommendations 14 . Adherence is generally referred to as the extent to which a person's behavior coincides with medical or health advice 15, 16 . For the purpose of this paper, adherence is defined as persistence in the practice and maintenance of desired health behaviors, and is the result of patient's active participation in and agreement with treatment recommendations [17] [18] [19] .
Insomnia, characterized by difficulty initiating, maintaining, or obtaining good quality sleep, often occurs in the presence of a medical or psychiatric condition (comorbid insomnia) or may stand alone as a single condition (primary insomnia) 1 . Growing evidence supports the effectiveness of CBTI for the management of both primary and comorbid insomnia without the associated habituation, and cognitive and psychomotor impairments of pharmacotherapy 11, 20 . CBTI, a multi-component intervention, most often features sleep restriction (SR), stimulus control (SC), sleep hygiene education (SHE), cognitive therapy (CT), and can include relaxation techniques. The specifics of these interventions are discussed in detail elsewhere 9, 21, 22 . Based on substantial evidence primarily from randomized controlled trials (RCT), the American Academy of Sleep Medicine has established that combined SR, SC, relaxation training, and CT are efficacious therapies for chronic insomnia 10 . Furthermore, CBTI, with and without relaxation therapy, is superior to pharmacological therapy in maintaining treatment gains beyond the completion of treatment 20, 23, 24 . RCTs support the efficacy of CBTI under ideal controlled conditions, however, the effectiveness of CBTI in real world situations is less certain.
Adherence to medical treatment is a challenging problem for many clinicians, including behavioral therapists 25 . Overall, adherence among patients with chronic conditions is disappointingly low compared to patients with acute medical problems, particularly after several months of therapy. It is not surprising that adherence is suboptimal to treatment for chronic sleep disorders. In a meta-analysis of 569 studies examining adherence to common medical treatments, the average adherence rate was 75% and the mean adherence to sleeprelated treatments (65.5%) was the lowest of the disorders studied 25 . Most studies reflect poor adherence to positive airway pressure (PAP) treatment for sleep apnea, but also include studies of adherence to behavioral treatment for insomnia. Poor adherence to sleep-related treatments may be due to barriers specific to PAP or to a low relative importance assigned to managing sleep problems in general.
In contrast to the PAP literature, CBTI studies rarely include adherence information. If included, it is often limited to average sessions attended or overall study attrition. Available estimates of withdrawal during CBTI suggest that 14-40% of study participants drop out of individual or group treatment before mid-treatment 26 , thus potentially diminishing the opportunity for improvement in insomnia. Drop out rates for internet-based treatment fall within the same range as group or individual CBTI. For example, 17% of adults with chronic insomnia (n = 94) dropped out of weekly internet modules 27 . In another study, 33% withdrew before the end of 5 weekly CBTI online modules 28 .Research conducted in natural clinical settings may have even higher dropout rates 29, 30 compared with RCTs, which typically have more rigorous monitoring and homogenous participant samples 31, 32 .
Examining the proportion of individuals who discontinue CBTI allows researchers to understand the characteristics of this group compared to treatment completers. Much can also be gained, however, by considering adherence beyond attrition rates, both in terms of factors that shape adherent behavior, and in refining CBTI to reflect the most effective treatment in a range of vulnerable subgroups. To date, previous reviews of CBTI have inadequately addressed the issue of adherence. The goal of this systematic review is to analyze the best available scientific evidence related to CBTI adherence and to identify gaps in the literature. Specifically, we will (1) describe current study characteristics, methodology, adherence rates, contributing factors, and impact on outcomes, (2) discuss measurement issues, and (3) identify future practice and research directions that may lead to improved outcomes.
Methods

Search methods and study selection
A systematic review of empirical literature having to do with adherence to CBTI was conducted with assistance from a trained health librarian. Databases included PubMed, Psychinfo, and MEDLINE. Search terms included "sleep disorders", "insomnia", "cognitive behavioral therapy", "sleep restriction", "stimulus control", "sleep hygiene", "sleep education", "relaxation", "cognitive therapy", "adherence", and "compliance" in all applicable combinations. The initial search was inclusive of all published articles written, regardless of date, to ensure a more comprehensive result. All CBTI studies that evaluated adherence as a primary or secondary outcome qualified for inclusion. Publications that met the following criteria were included in the final review: (a) study sample of adults with insomnia, (b) interventions comprised of any cognitive behavioral therapy components aimed at treating insomnia, (c) valid and reliable measures of sleep, and measure of adherence other than study withdrawals, (d) written in English, (e) published in peer reviewed journals. Case studies, opinions and editorials were not considered. Studies were evaluated for methodological and reporting quality using the Scottish Intercollegiate Guidelines Network (SIGN) checklists for controlled trials and cohort studies 33 . The checklist items were selected because they can be used in different study types to assess the study methodology and potential bias with respect to study question, participant selection, comparability of groups, clarity of outcomes, and statistical analysis, among other criteria 33 .
The titles and abstracts of retrieved studies were independently reviewed by two authors (EEM and MSM) against the inclusion and exclusion criteria. The full text article was consulted if there were any aspects of the abstracts that were unclear and for the final selection of articles. A third author (MSA) arbitrated if there were disagreements between the initial reviewers; all authors reviewed the selected studies. Studies that did not explicitly report adherence data were excluded.
Evaluation of study characteristics, CBTI, and measures
Studies that met criteria were evaluated for sample characteristics, CBTI features, design, and measurement. CBTI was evaluated based on several components of the intervention, including whether CBTI was standardized or tailored, the mode of delivery (e.g., individual, group, internet modules), as well as the type of provider (e.g., nurse, psychologist). The dose (i.e., number of hours exposed to the intervention), duration (i.e., length of CBTI delivery in weeks) and presence of homework were also assessed. Study design, type of control group, theoretical underpinnings, and potential adherence factors were evaluated. We assessed the type and comprehensiveness of sleep and adherence measures (i.e., subjective/objective, daily log recording). The impact of adherence on sleep improvement was noted in available studies, however, no meta-analysis of adherence on sleep outcomes was conducted due to the paucity of intervention studies focused on adherence to CBTI in improving sleep quality.
Results and Synthesis
A total of 821 publications from 1981-2012 were identified from the database search. Of these, 227 articles were further reviewed; 212 articles were excluded based on the criteria listed above and duplicate results were noted. The most common reason for article exclusion was absence of adherence data. Table 1 summarizes the remaining 15 studies published between 1992 and 2012 that measured adherence to sleep restriction (SR), stimulus control (SC), and/or sleep hygiene education (SHE) using methods other than study withdrawals. As shown in Figure 1 , the number of published studies increased in the last decade. Initial studies focused on adherence in primary insomnia. More recently, an increasing number of studies have included patients with insomnia in association with medical and psychiatric disorders. Fourteen out of 15 studies were published after 2001, which clearly demonstrates that research addressing adherence to CBTI is still in its infancy.
Sample characteristics
Sample size for the reviewed studies varied widely, with a range of 21-301 participants. The mean age ranged from 39.9 34 to 54.2 35 . Only one study focused exclusively on older adults (M=67.96, SD=7.07, range 60-81) 36 . Twelve studies included both genders, composed of 50% women 28 to 73% women 36, 37 . Studies of insomnia comorbid with breast cancer (n=4) contained female participants only. Overall, study samples represented the higher reported incidence of insomnia in women 38 . The one exception was a sample recruited from a Veteran's Administration Medical Center (VAMC) in which only 14% of the participants were female 35 . This is likely due to the largely male population of VAMCs. Interestingly, it has been suggested that psychoeducational intervention studies including a high proportion of women may produce larger effects 39 and preventive care utilization is higher in women than in men 40 . Thus, gender disparity needs to be explored in greater detail to understand the role of gender in relation to adherence to CBTI.
Participants were described as having primary insomnia in six studies 34, 36, 37, 41-43 , insomnia comorbid with breast cancer in four studies [44] [45] [46] [47] , and mixed samples of primary and insomnia comorbid with psychiatric or medical disorders in five studies 27, 28, 35, 48, 49 ( Figure 1 ). Insomnia inclusion criteria for the majority of studies was based on either the research diagnostic criteria for an insomnia disorder 5027, 28, 49 , the International Classification of Sleep Disorders Criteria 5137, 47 , or criteria for primary insomnia based on the Diagnostic and Statistical Manual of Mental Disorders, 4 th edition (DSM-IV) 5243 . Participants were self-referred or physician-referred and eligibility related to insomnia was typically determined through a clinical interview and/or the use of established measures such as the Insomnia Severity Index (ISI) 41, 45, [47] [48] [49] or the Pittsburgh Sleep Quality Index (PSQI) 34, 36, 42, 45, 53 . The ISI yields a total score from 0-28 and scores are interpreted as follows: absence of insomnia (0-7); sub-threshold insomnia (8) (9) (10) (11) (12) (13) (14) ; moderate insomnia (15) (16) (17) (18) (19) (20) (21) ; and severe insomnia (22) (23) (24) (25) (26) (27) (28) 48 were reported in patients with primary insomnia or insomnia comorbid with psychiatric and medical disorders. These baseline scores suggest many study participants experience moderate insomnia prior to therapy. It is difficult, however, to compare the severity of the insomnia symptoms among the reviewed studies due to the wide variety of screening instruments used to determine eligibility.
Evaluation of CBTI characteristics
The majority of studies combined at least three standard CBTI strategies; one study delivered SHE and SR only 36 . CBTI sessions followed a standard protocol with the exception of one study, in which the therapy plan was individualized to meet the needs of women during chemotherapy treatment 44 . The mode of CBTI delivery varied. Seven studies administered CBTI individually 34-36, 42, 44-46 ; and five studies utilized a small group format 28, 37, 43, 47, 48 . Two studies used internet-based modules 27, 49 . Due to small sample size in one study 41 , telephone, individual and group CBTI participants were combined.
CBTI was delivered by nurses in four studies 37, 44-46 ; and psychologists 28, 34, 35, 43 , PhD level clinicians 42 , or psychology graduate students 36 in six studies. Five studies did not include a description of the therapy providers 27, 41, 47-49 .
The total maximum CBTI dose and duration of the reviewed studies were assessed. Maximum doses were highly variable ranging from three hours 34 to 13.5 hours 47 . The median dose was 6.5 hours. Most CBTI interventions were delivered in 6-8 sessions, however, some participants received two or fewer sessions 34, 35 . Internet-based studies specifically required homework assignments in addition to the use of a daily sleep diary 27, 49 . Homework assignments may enhance adherence, especially for longer interventions by consolidating acquired knowledge, improving skill acquisition, and bridging the gap between learning and real life 39 .
Study design
Of the studies reviewed, over half were RCTs (8 out of 15; 53%) 27, 35, 36, 42, [44] [45] [46] [47] . Only one of these RCTs had three arms 42 . Six out of the 15 studies (40%) used a one-group prepost or repeated measures design 28, 34, 41, 43, 48, 49 . One study reported cross sectional analysis of adherence to CBTI at 12 month post-treatment 37 . Several studies were identified as pilots with 21-34 participants 36, 42, 44, 45 . Adherence to CBTI was frequently a secondary aim of a larger study 27, 36, 37, 41, 44-47, 49 , suggesting that adherence is rarely the primary focus of CBTI studies.
The control groups across the studies varied widely with respect to the type of intervention, including various active controls or wait list control 27, 47 . Active controls included a healthy eating education 44, 46 , sleep hygiene education alone 35 , desensitization 45 , and an unspecified behavioral treatment 36 .
A limited number of studies used explicit theoretical models to examine adherence to CBTI. Hebert and colleagues (2010) utilized the Theory of Planned Behavior (TPB) 54 and the Transtheoretical Model of Behavior Change (TTM) 55 as a framework to maximize adherence; however, their main findings suggest that neither TPB nor TTM did a good job of predicting participant attrition. Bouchard and colleagues (2003) 
Potential predictors of CBTI adherence
Demographic, medical and psychological characteristics were not consistently associated with adherence in the studies in this review. The majority of studies failed to show any relationship between adherence and demographic factors (e.g., age, gender, education). In one study, gender and education had no significant impact on adherence, but younger participants were less adherent to wake time recommendations than older participants 28 .
Similarly, medical factors were not related to adherence in most studies. In a small pilot study, the use of stimulant medication (e.g., modafinil) in conjunction with CBTI enhanced adherence to prescribed bedtime compared to placebo plus CBTI 42 . In women with breast cancer, better adherence was reported toward the end of chemotherapy treatments (when treatment adverse effects are less severe) 44 and in women with lower levels of subjective fatigue 45 .
Other factors such as depressive symptoms, may moderate the effect of sleep improvement on adherence and study attrition. A few studies identified potential psychological factors that decrease adherence including higher anxiety 43 and greater depressive symptoms 46, 48 . Hebert and colleagues noted the presence of a psychiatric disorders (e.g., depression, generalized anxiety disorder) predicted attrition from internet-based CBTI.
Attitudes toward treatment and past experiences appear to impact willingness to follow CBTI recommendations. For example, greater pre-CBTI motivation to change sleep behaviors 45 , higher treatment expectancies 47 , higher levels of self-efficacy 41 , and greater satisfaction with CBTI 34 were found to be related to better adherence. In one study, those with fewer perceived barriers (discomfort, annoyance, boredom) and less pretreatment sleepiness were more adherent, as measured by global self-report scale and wake time consistency from sleep diary 28 . In a study of adults with primary insomnia, higher perceived behavioral control, social support, and intention were associated with better adherence as measured by online weekly reports (Herbert 2010). Overall, few studies have adequately addressed the impact of patient expectations and treatment barriers on adherence; these relationships merit further clinical consideration and investigation.
Proposed barriers to following CBTI recommendations may include ease of assimilation in daily life, adaptability in the home setting, perceived relevance, and perceived effectiveness 37 . Adherence to sleep restriction recommendations and faithfulness to prescribed bedtime and wake-up times is difficult because it often requires a considerable alteration in lifestyle 36 . It has been suggested that poor adherence to SR and treatment dropout may be due to 1) the fundamentally counterintuitive recommendation to limit sleep, 2) objections to increased daytime sleepiness early in treatment, 3) complaints of boredom and lack of activities because of delayed bedtime, and 4) resistance to prescribed time out of bed, especially on the weekends 36 . Resistance to prescribed sleep times may also represent patient ambivalence about changing behavior. Few studies have investigated the role of these barriers or suitable interventions.
It is plausible that individuals become less adherent and stop attending appointments because they feel better or the symptoms have resolved. However, Ong et al. 26 reported that the best predictors of early attrition from group CBTI were short sleep duration coupled with depressive symptoms. Other investigations have found mixed results regarding the impact of sleep improvement on adherence. Matthews et al. 45 reported that subjective overall rating of sleep was inversely related to adherence to prescribed bedtime and total time in bed at the beginning of CBTI, however, significant correlations did not continue to the end of treatment. Conversely, McChargue and colleagues 46 reported decreasing sleep disturbances contributed to lower total adherence rates during the course of chemotherapy. The level of sleep disturbance before treatment may be as important an indicator of adherence as how quickly sleep improves during treatment 37, 43, 46 . Additional study is needed to understand how the severity of disease and symptoms affects adherence.
Measurement issues in adherence to CBTI
Measures of adherence to CBTI included multiple and single item patientreported, 27 28, 35, 43, 44 , thus providing a more complete assessment of adherence. Although several studies employed actigraphy or polysomnography 35, [44] [45] [46] [47] , analysis of adherence using objective measures was rare. Figure 2 illustrates the type and frequency of use of adherence measures by study populations.
Participants in CBTI trials are frequently categorized as either adherent or non-adherent to a given behavior based on subjective responses. When adherence is measured as a dichotomous variable, the complexity inherent in adherence to a behavioral intervention may not be captured adequately. Behaviors related to stimulus control, sleep hygiene, and cognitive interventions are difficult to measure objectively. Some studies have included selfreport items about the behaviors or derived information directly from sleep diaries using an operationally defined criterion for adherence. While inclusion of self-report adherence information appears obvious, it should be recognized that bias may result if self-report is the only source of adherence information. This bias underscores the need to compare adherence data from multiple sources. Information from bed partners and therapists may provide additional validation.
Actigraphy may be useful as an objective verification of daily reports of bedtime, rise time and may even improve self-report accuracy or adherence. Light monitors, available on some actiwatches, may provide insight into adherence to recommended behaviors. Even with actigraphy it is difficult to verify that patients are, in fact, getting out of bed during prolonged nocturnal awakenings. Future studies would benefit from comparing the degree to which various sources of information correspond.
Overall, measurement and reporting of adherence measures in the literature is inconsistent and insufficient, leading to challenges in interpreting treatment and process outcomes. Studies that attempt to predict or modify adherence often face the problem that adherence as a dependent variable is complex and non-normally distributed 61 . It is apparent that both standardized definitions and measures of adherence are needed. To that end, the "Consensus Sleep Diary" was developed as the result of collaborations with insomnia experts and potential users. The adoption of this standardized patient-informed sleep diary will facilitate comparisons across studies and advance the field 62 . Similarly, understanding the minimal level of adherence needed for positive outcomes and the time point in treatment (if any) at which adherence is most critical and discerning adherence to individual components will advance the field. For example, is it essential to have strict adherence during the initial phase of treatment when patients are learning the strategies and rationale, or toward the closing sessions to sustain treatment gains? One approach to measurement is to combine varying rates of adherence to the different components of treatment into a composite score. Morgenthaler et al., (2006) suggests SC is the most effective stand-alone behavioral intervention for insomnia, therefore, may need to be weighted heavily in a composite measure. As an alternative, more attention might be given to attendance at CBTI sessions. In the absence of other data, the percentage of treatment sessions attended could be regarded as a limited proxy for adherence. Confounding factors such as transportation would have to be considered.
Relationship between adherence and treatment outcome
Adherence to nonpharmacological regimens has been found to be strongly related to treatment outcome in other psychological settings, particularly when measures of adherence are continuous and when the disease is chronic 25 . Evidence of the association between adherence to CBTI and sleep outcomes, however, is difficult to interpret due to the diverse measurement of both adherence and sleep improvement. Higher levels of adherence were associated with various sleep improvements in some studies 36, 37, 43 but not in all 34 .
One study of adherence assessed by an author-constructed self-report scale showed greater adherence to CBTI components were associated with lower posttreatment Insomnia Severity Index (ISI) scores in 301 adults with insomnia 48 . In contrast, Chambers et al. (1992) found that adherence assessed through recall of adherence to CBTI recommendations did not predict improvements in daytime sleepiness, sleep latency, total sleep time (TST), awakenings or wake after sleep onset (WASO) at six months after CBTI in 103 adults with chronic insomnia. This may be due in part to low variance in adherence, as patients reported high adherence to recommendations. Sleep improvements and adherence were subjectively assessed by patients, thus subject to bias and recall inaccuracy.
The majority of studies assessing diary-based sleep improvements relative to adherence, suggest that adherence to key therapy recommendations improves sleep outcomes in a variety of ways, however, divergent measures of adherence prevent definitive conclusions. For example, Harvey and colleagues (2002) used a self-report measure of adherence to 10 different CBTI components, administered one year after completion of online CBTI to adults with primary insomnia. They found that continued adherence to SC and SR was the best predictor of clinical improvement in sleep latency and nighttime wakefulness, and ongoing use of cognitive restructuring contributed significantly to reduction in nocturnal wakefulness 37 . Similarly, in 40 outpatients with primary or comorbid insomnia participating in online CBTI, high levels of adherence to SC and SR using a global selfreport scale and diary-based wake time consistency was associated with improvements in total sleep time, number of awakenings, Insomnia Severity Index ratings (ISI) and less daytime impairment 28 .
In a study of group-based CBTI in 50 adults with chronic insomnia, adherence was measured by an investigator developed Therapist-Rated Adherence Questionnaire (TRAQ), a Spousal-Rated Adherence Questionnaire (SRAQ), and attendance record 43 . Participants who were judged as more adherent by therapists reported subjective improvement in sleeprelated impairment, sleep quality, and maladaptive beliefs/attitudes about sleep. Therapistrated adherence, but not consistency of bedtime/wake-up time, attendance, or spousal-rated adherence, was positively associated with diary-based sleep outcomes.
In older adults with good overall adherence to 6-week CBTI, greater consistency with the recommended sleep schedule predicted less nocturnal wake time and higher sleep efficiency. A consistent rise time predicted better subjective sleep quality and fewer awakenings, however, three other sleep diary-based adherence calculations did not predict improvements in sleep diary measures of sleep latency, WASO, or number of awakenings 36 . Using several methods to measure adherence to SR, these investigators concluded that the sleep schedule consistency that occurs by way of SR may underlie improved outcomes. Methods of measuring adherence consisted of (1) subtracting the amount of time in bed prescribed at the final treatment from mean reported time in bed at post-treatment, (2) calculating adherence percentage by dividing reported time in bed reduction since baseline by prescribed time in bed prediction X 100, (3) change in mean time in bed from baseline to post-treatment, (4) time in bed variance calculated by computing the variance of nightly time in bed (in minutes) for each participant at baseline and post-treatment, and (5) computing the variance of time arising (leaving bed) in the morning at baseline and post-treatment (arising variance) 36 .
In breast cancer survivors (n = 58), five dichotomous indices of adherence to SR were calculated from sleep diary data 47 . Indices included (1) adherence to prescribed bedtime hour (i.e., not more than 15 minutes before the set time), (2) adherence to prescribed arising time (i.e., not more than15 minutes after set time), (3) arising from bed within 30 minutes following a nocturnal awakening, (4) avoidance of daytime naps, and (5) adherence to total time spend in bed prescribed (i.e., not more than 30 minutes greater than the set amount of time. A proportion (%) of the number of days where the participant complied with CBTI recommendations was determined for each index. Higher levels of adherence to arising during night awakenings were associated with a reduction in clinician-rated ISI scores. Higher adherence to prescribed rise times was correlated with reduced WASO and total sleep time. In addition, actigraphy-based improvements in WASO, total sleep time, and sleep efficiency were significantly predicted by a greater adherence to the recommendation to avoid daytime napping 47 . Using a similar sleep diary-based coding grid in breast cancer survivors, Matthews and colleagues 45 reported that higher adherence to prescribed bedtime in week 5-6 of CBTI was associated with fewer nighttime awakenings. Adherence to prescribed bedtime and prescribed total time in bed were associated with increased total sleep time throughout CBTI.
Conclusions
Insomnia is a serious health concern. CBTI is an efficacious treatment, yet attrition and suboptimal adherence potentially diminishes its impact. Although CBTI has grown in utility since the 1960s, there is a dearth of research devoted to measuring adherence to CBTI. General limitations of reviewed studies include small samples, reliance on self-reported data, and a restricted range of adherence scores. Inconsistency in adherence findings among the studies may be explained in part by diverse sample characteristics (e.g., education, socioeconomic status), varied CBTI components, and lack of a standardized definition and measurement of adherence.
The type of provider, mode of delivery, dose and duration of treatment are also inconsistent across studies, limiting the ability to compare findings. Although there have been several studies of insomnia in women with breast cancer, very little research has been done on other medical and psychiatric comorbidities. Expanding studies of adherence to CBTI to other chronically ill populations is warranted to fill this knowledge gap.
Despite the utility of behavioral change models, CBTI adherence studies are largely atheoretical. In fact, only three of the reviewed studies used an explicit conceptual model or theory. Some may argue that theory does not necessarily lead to better interventions and, indeed, this has not yet been the case with PAP adherence studies. Theories do, however, provide insights into the behavioral constructs that predict adherence. Advantages of theory guided research include the ability to make systematic predictions based on the theory, utilize measures derived from the theory, and interpret findings in support or against the theory. To that end, theory-based studies specifically designed with adherence as a primary outcome are needed. With this information, treatment approaches could be designed to target factors and processes that are most likely to impact treatment adherence.
Clinical and Research Implications
There is a paucity of evidence identifying the impact of adherence on sleep parameters and subjective sleep quality in both primary and comorbid insomnia. Few studies have evaluated the impact of adherence on sleep outcomes, yet some findings suggest that there may be an association between adherence to SR, SHE, SC and sleep improvements. Patients and providers invest substantial time and effort in CBTI , despite being in an environment of scarce healthcare resources. It is plausible that even modest improvements in adherence could result in better patient retention, greater patient and provider satisfaction, and most importantly, improved outcomes. It is possible that minimal investment in adherence may realize significant outcomes.
Initial steps to advance practice and research, therefore, include (1) establish standard measures and definitions of adherence; (2) develop standard measures and definitions of treatment response; (3) evaluate adherence and its relationship to treatment outcome across a wide-range of insomnia populations in different settings with different CBTI delivery modalities; and (4) consider the role of theory/models of behavior change in explaining relationship between adherence and outcomes.
Uniform measures of adherence and treatment outcomes are needed to enhance the comparability of studies. Standardized instruments are needed for screening and outcome assessment. For example, Morin and colleagues 63 examined psychometric indices of the Insomnia Severity Index (ISI) to detect cases of insomnia in a population-based sample and to evaluate treatment response. A cutoff score of 10 was optimal for detecting insomnia cases in the community sample. In a clinical sample, a change score of −8.4 points was associated with moderate improvement 63 .
Investigations are warranted that evaluate adherence to CBTI protocols that contain additional treatment components, or are delivered via other modalities. While the studies reviewed here are informative, it is difficult to arrive at a definitive conclusion about the state of the science, in part due to the wide variation in study measures. To address measurement issues, adherence must be measured in a multiple ways, not simply inferred 64 , and future studies should include some type of adherence evaluation for all CBTI components. Studies that regularly measure perceived improvement, may discern whether participants' declining attendance and adherence are due to mitigation of the problem or symptom.
Adherence metrics are largely based on clinical judgment of the allowable time before or after a prescribed bedtime or rise time that could be considered "adherent" to the therapist's recommendation. The validity of different time intervals as the cut off for adherence to prescribed sleep times should be analyzed in large samples of those with comorbid as well as primary insomnia. Further analyses should determine whether the factors that predict sleep restriction adherence also predict adherence to stimulus control, sleep hygiene, and cognitive therapy. Larger adherence studies are needed to validate sleep diary data against objective data.
Large-scale RCTs focused on adherence are needed to fill the knowledge and clinical practice gaps identified in this review. It also would be valuable to target a variety of clinically heterogeneous groups of patients who experience insomnia. Studies guided by theories or models of behavior change to explain the relationship between adherence and outcomes, utilize measures derived from the theory, and interpret findings are needed to advance the field.
Finally, qualitative research with a focus on the individual meaning of adherence can provide important insight to the underlying adherence puzzle. Qualitative methods may uncover the answers to questions such as whether individuals do not adhere because they find CBTI is too difficult? or they do not believe it can help? or they give up after several weeks without improvement? Perhaps, they find one specific component of CBTI so effective that the other components are unnecessary. Understanding the nuances of behaviors and adherence to insomnia therapy and other sleep disorders is warranted.
Adherence factors and guidelines from other sleep disorders and populations utilizing cognitive behavioral therapy (CBT) may be helpful to frame the findings in this review. For example, a review of adherence to positive airway pressure (PAP) treatment for obstructive sleep apnea indicates that PAP is effective, but adherence is restricted by several disparate factors. 12 Among these factors are those related to the efficacy of the treatment and its comfort as well as psychological and social factors that likely reflect a person's approach to health management and behavior change. Interventions to improve adherence to PAP provide some insight to the limited effects of comfort management on adherence. The psychosocial aspects that contribute to behavior change provide promise for improving adherence, however, studies of social support, relationship-based approaches, and other theory-driven interventions, are warranted for PAP adherence as well as CBTI. 12 Guidelines for adherence problems in those with serious and persistent mental illness 65 suggest that psychological/programmatic interventions should include ongoing symptom/ side effect monitoring and management; psychoeducation (e.g., counseling and written/ audiovisual materials); and environmental supports (e.g., more frequent and/or longer visits with providers/therapists to improve therapeutic alliance). For example, adherence to internet CBT for anxiety and depression, as measured by "homework" completion, was improved with email/phone reminders and more frequent clinicians contact in a study of over 2,000 patients referred for generalized anxiety, depression, or social phobia. 66 Investigators concluded that improved adherence to internet CBT is an important determinant of its effectiveness. Adherence to treatment for other sleep disorders, as well as CBT for mental illness and insomnia appear to involve many different factors, thus, a variety of strategies may be needed.
Steiner 64 recently suggested that the design of adherence interventions has been guided by the mistaken assumption that adherence is a simple behavior that can be predicted from patient characteristics. Instead, adherence should be conceptualized as a set of interacting behaviors influenced by individual, social, and environmental forces. Thus, counseling for behavioral change is complex and needs to be complemented by identification and removal of multifaceted barriers to treatment.
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